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3jta 3j ^3-Uia ^La^IiS^ . JJjta owlg_p^ -Uj ^l*ji j3 Ij ^jO-^ lS^^S.J^ 3 
jLi^Xol^ ^_A La j I I Lai twUl413lj y? Li^l?-1 LAtl^J^Jjj^J j La 4jI ^ JLu to yyiZa ^1 4j a5" 
^sj 5 i^3jl .-LjIowO jS"^oJLa Zj>\& y^y* L$ 3 J 3 w ^°-^^ ^ y*S* Ij 

jl ^^IwbJ A^Zj I L> .JjjlJj jlTj y* LaO^jOu y y>- I <0Lujo>- Ij Iai_jIiS" ^ I jl tl^j 

Lai tJjlowLi (_£j^Jl^j -il y* AOj j3 jL>- y\ j3(_^ljj yy>- jL-^o jj ^Ia^JUL* 

y ^~I ^La 03 ^JLu 45”* -Lil^oj yJL^>3 j3 L^Jj ^JO *(\3^3* Cy ^ ^ (^LaAO)jj jjJLa 

.3 ji' j3 Ij ^j jjl^J ^1 ya Oj j3 Owll) I ^Ia^XoI ^ J 
I .3jl^ ^Ijl j£ jL^o ^lA3 yj\^ a5" 0-^1 ^jIjO 0 j>cjO o^U ^ j2 tjj3^^ 

(o^>L«j cS^o^3^ 3 6 ( j^f^>) (HMX) 0J5^^ ^ ^ 

j [A(Zy~ A * > *^y°y tl-A3^jjl5^ O—<-*'1 towO (J jIJlS" 

.wLa 3^« Ji Ij jjyi jJUT tSL* Jjj 

!jl wLojLp <_jllS^ ^jj I j3 413 ^L>eJl ^IaC.JU3 

^lA4Jli« 4 j 45^ jjj^^l 0 °-^L« jl ^OwO j OO iOlp*)Li?l ^jj I 3^ 

.dJlowO ^ 33 ^^ (JL—*» V* ^Ia40 jj j3 owLlS^I^j jj1?4j Lai t^jjj*°/LLJL >&j 





-LL>- t, Jli | ^Ia^jIS" J o.il« I 4 j ^ Ia C-«3 ^1? t^JLiS* 'S 

.C-*3jl^3 l«j I J 4*Jll2^ ^jy* wLijI ojj^j 

.0^)^^- I y L^-J ^\ y. /jt.<yIga ^ 1 a L*A<llJki ^ 

jl jA OwUSl^J 3L> jy& 4j Jjj3 I 0 j^UlLa 0^L« 4j d^lp^U^I ^jjl^jll> 

^3*0 i J llS" ^jL*i I 4j Cj \jLJL>ej tOwLi ( J^3^^ ^Ia4U»jj 

l> LLa Jjli 43 L i_ > 1:5" I 45”* ^_Lp Cy^ 43^ »2y *-IaI y>- 

jL-^o ol^J j wD jS*^y> ji Ij ^Iaa3L>- aS^ ^a^3s>Z ^Ia^jIiS"* jl ^jL^o 

.C.«**>«? ^>I^j j-i 

3 ^ J** ‘.C^i^S* y£> y* jlo J ^j-2* ^ J-* 25 ^ J -5 <jjl 

^13** i,_JLll5>e-« ^Ia^^jj tOj^^ ^ k, 0 ^ y* 0 jy iS^I 4 j Ij ^)Ia4J|j^3j 

OJjlS"l I ^ J y^ 3 3 w\3>- tO ^ ^Ia wl^- ^ 

wLib^s .J^^S (jLL £*U>- ^_ J ,< “^ J (J^^ 1 ^^jJ I oj*)Ip4j .C.-^' 43*-I.5^j 

.(-Lib^s ^jl ^3u OwLi ^^ ^j^»->c>j) 

j 43^1.3 jlSj y* l)J ^1 o ^>eJll« o^U 1) aS" ^31 ^Lo-A 4>- jj ^ j y> < jllS^ I ^_>jlj-Lw«l 

y *-&>tJ ^LaoI^JIj Laj I t4j (jl jJLP4j wUjI^ 4^ ^I AL-«jjl ^2j^_y j*p ^o jlS^ o I l> 

C ^__. ^ y*"^ 1 A^M-to*< yA i, wLJ y ^Ua^o y> tlA^^>ejl ^ LaoI^-JwjI^ t(R(&D) A *->*> y ^ 

l^£j j3 L^jZjj\) 3 {_$* L^o-w^< <.^y\l$ ^lAol^tolojl (,^£jj3>£' 3L.-3j» I 

^1 y* (^jlr>&j Jj y L a 5^ (_^ljJ t^jllS^ ^1 b>e-o-A 3 jl ^3 jA J 


1- Polymorphism 




3 La^jIS' LS ^ T “~’ ^ 


.CJ-b -l&l js>~ jLuj ^jiJ w twUjb ju jj! L J Jg-J^ L-o-^ ^li^ j o 

^ji J L^J J L) 4JLJdb ^J-^ 5 ^ (^lojlj (J-*> twli>- ^y\ ^yijlSsj OwLi £^j**S>zJ3 

t Jt-J loib I bs-cJI o jS>eJLLa o^l« 4 j J ? yy* CjIp*)U?I ^L»J ^jj I l£^ ji U L)b^*-w*i 

I L .5 jl^3 (_£jb&j j ^allgj ^bijbjb> 43*)lp ^j *-^ y-> 4^1> I 

^1 y 1) Jg-Jj C_~w»J&l JjL>- CjI^j j! jj <& ^jb $ js>-j jlSC«! ^ I cjU*- 

jlTwUJl y>- ^yjLj jl J 4Uob jl^jl Ij ^^aI_^>- jA p 45^ wLils o^lliljj^ jl 42^1 jg*-L> 

Ij o^^5^ ^llg^ Ij y *^ ^ b tb^Jii^j ^ ^ ^ ^->jb b^bJ 

.^ jlji As>-y j^> (_£ J_*j 



Jjl 


(4*$J 3 ka ji jtf <u^3>) 0cs-*** 




3 ^ij*6 s JLa 9 


6jMmO ^Lo —1 —1 

jbwJI 

.wLil)^> ^j3 <tSy+> j ^L> C-^p tlo 4jLi*3 4 j jl>Bjij! C-Jl>- 

jl y<lS jy < _Jl y* 4j jlS** ^jlg5"*lJ J^Lw^Jl 4 j jl>cjajl 

jj.sUL« j!j>cj2jI (»L^j ^*a * W ^ J ^ ^ >> ^-^- > -^ t, ^ ,l ' °l y*-& l-L^ j J^\£> l> <& ^jil4Jjl 

OwLi 4 j ol7^5"" J jUj 4 jUL*j C-Jls>- O-UlS^jLj 

y£i jjj 41*0 4 ^*i 4j lkjlj>eJ2j! *[^ — &] wUlS^IwLo 

<^L)ys jL>eJi>l 
^l41-^A j!j>bJ2jI .Y 

j 1 ^bJ2j I .Y* 

(_£4Ja**<lj 4 j ^ j^Jl <j I wLo I y i»L^j ^^->j*9 jL>c£j! 

^l4l*«A jl^ejijl o^ lj I cC—^l 0wLi o l) y* i y J 4S"* 

(^J_y I O*-^ -^Ij I jl ^***l***l j^1?4 j OwLi ^lj I jjl (j I 45^ o.i^j 3 W ^ J I jp 

0^-jo .ilj I jl ^iL) (^l41**& jl>eJljl Ojjo^J-s^U*- (ll)j j^^I J jjjj) Olji y> 



3 Lto'Sjtjte' ‘o^^) oj3^ ^ ^ 


. wLilj^a l> C--9 iSCjj JJj I ^3 ^j| I jL_**u j! J_La 

jl L^J _/^ O ^ 4^ C—*»l I ^3 twLil>^4 U J-« l^eJo I a5" L-o-wJ) j!j>bJ2j! 

^l^ej I wL> wl^>- ^l^ejl ^ 0 j^zJL^o 0.iLs (^IaJ ^ _^i Ia^J I ^wL^J lw\j>- 

Cjjl ^I^bjI C^pL 4 j C~J ^ljl« £> ^ L-o-^> ^lA^ j jUo Ij Lwo«wJi jl>cJ2j| 

■IT -> 

©j2«&0 O^lo-t-1 -1 

t43^>- tciS" jZ* c4jO j yl 4S"* C^ol ^lo^U c ojj>sJiL« o^U tO^ 5 yO^L- 4; 

jly £> L-o-^ C-^tJ coL- o-ilil^l Aj j5"jA l> d-’jIj>- c4ix_a 

0j^sAls ^1 j» j! J^J ^J^ fcej ^jlj L-jlJU3 J Ojljlw\JL« J ^ 

wLulo L C..~J iSjJ ^ J** Cj 3 ^ ^ LwUlS^^J ^lj I ^jlS" ^IAo^jJ I J$ tjl>eJljl ^l^lA 

wLJL*wA ^IaALwA i o^^&Aw« ^ l£^AI _^l 

^IawIj to^*p ^ ' l -*' j** 3 cI j** 3 *a*j L® oiXmS”* a_*^*S""I ^IaojL> 

1) ^Ijl^ J N-O J N-N ^IAwDj^j IaojJ yl .JJlowLi ^A4-> J^ 

^ ^ wlj^-u tP ^IaJLLo^^I 5 j*£- ^Ia j j ^I^Jl !j ^5^ wL*I»wA I •-^>" 

^1 j^> jl ^jL-wvO t4j>e_jJ .wU^iSsJl 4x31^ iJL-p!j j wUlo^l^ ^J-»Ss^J 
L«5^I ^jiwiS^lj tjl>ejijl .wUjI^ ^U^5^ o 

aJ y> CO 2 j N 2 ajjl_a fj jlS" ^IaJ j aj4i_^S\_a lAaJ^1 j wLa^^« 
^IwLL 7i ^Iaw\j^j 45^ ^ll>- twiiiS^ 

iwiisl^a ^LajI ^ L-o-^a* ^taj Ij ^jj 4^ 0 j* 


cya'j^ *}>*> 


1- Fission 

2- Furion 






Y jUi;! r 

ou jr o^j jj4j j wlisl^a Jli7l Iftlo *Lj ^7jl ^>- ^y>Z 

.wLilj^a iJb j!4s>-j.i £^17 ^_J2l-w^a j^i?4j j OwL*i 0 j>zJiLo 
4j (. j iOLTj7 J LZ^j ^ o j^Cj» o^U d^J 

J 2 J I4j 00^l« l«L^J J'*'*’ ^J .iljj < *—^1 >cJ I 
^7 £J 4 S”" jbtAjI twLi»l»^« 4 _JIj j) J^a wll>- wb*- j.i ^J^~. .^jl^ ^Ij 

.wLib^« olj ji JL*^S" *A>- ^7>jC-*PC~J (_£jjjl O*-^ 1 ^Ij 1 C-Jl>- 

(J^^^ 3^ l^^ Jti ^-^ ^J 0 .51 ^-« (jl^JLP4 j & ^iS"”^ 

^ / wLoLs c >-U»-*j \j 4 *^-> !^ 1^ wLwwS^I 1 .. 1 < 1 ^ 4 S"* ^ ^33 tOI j) l^* 

J NO2 iNO t^L&OjwLuta Ojj 4 j y Ui 1 .wLLJob^a t(JjJjwLj& 

^7 j (PbN6) wi> j 1 v j wLota tlAwb j I owIpIS /yl ^Lii**»l .C-^l NO3 

I 4$^ wLL*7»1j^« (NH 3 NI 3 ) wL-<>j 1 Ij I j (NI 3 ) Ojjwb Jj ^^7 IwUjU j^Ojj 

^ ij jj*»«*S" , | Lw^-ww>j cl^j .^j! Jj ^yj^uS"! 1 At -<S** 

.((^ ) ^ 3 1 ** 1 ^\^>-\ Ij ^ j *+^*s* j OwL**< lwb>- tjjj 


o 

j;Nt. . 

O^ N 


.,N* 

o v 0 


o 

11+ 

„ ^N* - 
N O 


0) 


3 CO +3 H 2 0 +3 N 2 


1- Deftagration 

2- Detonation 

3- Low explosive 

4- Propellant 





3 LS ^~i $ f 


j-s & oyi^y -sijT £•!:> ^U,jlT (j jJ\ (JjLJ jIOa. jj\j,_ i \ja C .)wLi (Jl*3 ^y\ Jj\ jS 
lft(J I C-2l*3 ^1*^1 (J*^^ 

j jjjlwL)L L caialj AU*ta ^j~S2xJ ^U/ ^1 A>-^_SwjLj^J' Uj 

^J^l) ^ j ^jl J 0 jjo Aj J>eJ j jlwL) L J J)<l£>- ^ ^IaJ j^» Aj .iljj* i ji\ .-UlwwJfe ^J(JUs Ao>*jJ 

jl£j ja^sj (^IaaJlU- ^ j>- j» ^ jjjl oa-6 ^lj 1 .wUiS^aJjj 

.[f J Y J ^ ] aJ^ jUi;! J.lp t(CL-20 tHMX tRDX) 

0 jttbJQ 6f^0 4fl^> - l-t-1-1 

.wlj^wLoA^Ji? 1 j ^ o(jl^JLP4j wLoI^j^^« o j^zJL^o ^L^-j 

3 j>- (^IjlJ 5j i (_£jl>- 4^^L>-j.i LaAjIjJLu 1 ) o j>zJ£j> 

d^>cJ ^5*ti2^' jIS" JjL- l> AS" wLl^wcA ^lo j^zJiLo ^| ^j j^»sJ 

wLj jjli j^zJ^a JLJ |tJj jjli j y.02*zJ* 0 j0>sjJJ> ^1 AS"* ^>L«J .wU jl^£ £) 

0 j>ejJL« ^1 JJ> ^>- ji .JJm\j^A jD ~LJ JJ jl jLl3 ^^Juljsl A^e-jJ I Aj 

0j^cjJJa ^1 .JJjjli j^zJiLa j>^i 5 0 j£>cjJJj 0^L« j-Ji l> wLolCOwLJo J 

^1 c^ ^1? jl .wUIA>e-L*iI ^IaAjIjJLo J Oj-^ tOjjl) ( JJU C^^l J* (J^*^ 

jL*vO l&j I ^ ^jjjj lj J wLJjlwU jUtftjl (^I^J ^ J J^2S>^0 Aj (^jl-^ t(_£'ji 0 jS>zj£* 

(J Lj ^ Aj L-o-^ lj C ^ I ^jj I ^ j I j2 j 1>bJ2j I 0 w\j w\j Jl^>6j ^ j**> 

^1 ya .5 ^a ^jZSS*\j jLjjjl (Jl^plj 4 0 ^1 j*a j\ J j^P lj a5^ JJ^iI jl_j*3^J tlS^ jJj ^jJJ 

I J wL) j**- 1 *-** A^jU j) JLa 66* *—^6* * j** L> (J J J Aj ^^3 o j5*zJ£j» 

O^LflU^I k^JflJl^B-4 0 j^eJL^a -^l^ 4 ^ A^*J Li« ^I^J (VOD) ^l^rJ2jl JL^P^-*ai 

.[f-?] aj^ CL-20 j HMX j RDX tNG tTNT Ji. J.L6 ^^ o^^L. 

L> Aj La J) I C...^ L^>- L)lj~* to j^zJCua ^1 Jj> ^£ai>AjLl? ^sj 5 olj 


1 - Strain Energy 
2- Velocity of detonation 






4j 45^ J^> 1*1 Ojl.i ^yfU^Ay 4JLa|.i jS" ^>t* 0 j>*-GJ a ^1 j^> C-.-*-^L^>- .C—l ^ 1* 

0 J>zj£j* ^1 yA (.Jo y* ^A y*jJj» ^SCjlSla Jz^a yA lj ^jLx^, 2 > ^^Jl^a ^l&dS”* u ^uT 

^vJLtaO-j I l> 0 yytJ*n ^1 dS" y*> Aj 4$"* ^\o yyj^a .il yo aS' ^\ t*-U yJ> o-Lwalj 4-Jjl 

.wL) yj> ^y 0wLw«1j ^£y9 0 y ^JlLa ^1 .3 La>4j l> 4 j jjIj 0 yyi^A ^1 jA tdJjta jlJ ^_£j y\ y 

0 ^>eJlLa ^1 yA ^y~ y A^" ^JU*-j.S (.Jo jJa^a j^fsJlLa O J I j>- 1) J y*-**° J ^i?4j A^]y\ 0 yyiLo ^| y» 
^1 yA C-«*^Lw>- (_£l y ^£5 Jx1a (^IaO yA j I .JoyyA^y ^ Ojl-Ljl yS ^>1** I 4j 4j jjIj 

yo J^1 yA j! ^y-y .wUlowLi ^3»-l^^-Jl^a y ^y la ^ i^AjS ^>&a 4 j to^0>eJlLa 
twDlowLi jJ jS^jIpI a*L> l> 45”" 4^jl o yySlA ^1 yA .JJ|4j^jIj y 4-Jjl o y> zJ£a ^1 yA 

o yy&^A ^1 yA ^y-y .-lilo-La ^JJoAjlA? o yySUA ^1 yA y La jL>bJ2jI y$ J,)La^ljl$"* ^*»Lal y* 

o-iLlI^al ^l*aL>- y\ y&Ao y i^yS ^1^*® j 1 La ^y2 uL wLw*A ^^lp ^ 4*J^I 

^y ^j»Lal y JJj AJlA? to yyiCjs ^1 yA ^wLu4JLl? y^JJ y 3 J 3 J • w ^ J** 1 

.wUIais ^ jl y y* j 3 J ^ wLil>^« IaiJ ! yo y 

s\y> 3 ^]j\ 0j>vJLLa ^1 yi 41*0 Jl 4j o^1 y ^y J o^Liiu*l ^-L*l y —^ 

j aJj! o y^JJjs ^1 ja C-««^LwwJ*- 4_^o lia ^ —^ .wU^a ^wUj^_^wJ2j 4j jjIj o yyALo 

.Jjb^^gA Jj ^ J- 5 ^ 

o yy&^A ^1 ja A1*a 2 y5 4j o yySUA ^1 ^a t^y L-o-da C-><^La j ^aL*l y — Y 

oL**< d->jjl> wUJla ° y* 3 (o j CL-20 tHMX tRDX tTNT) 

.Jki yj ^y y wUj ( y —4) 

^1 c 4*jjl o yyCji ^1 y 42*0 4** 4) (jl^j !j oyyCjt ^1 y LyiJJ y 1 ^ 4j U 

O y JJL)42*^ Ia4jIj22*j j 4j y\j o yylm 


1- Impalse 

2- Secondry explosive 

3- High explosives 

4- Primary explosives 

5- Secondry explosives 




3 LS ^~i 




.jJ^lt^* (j I ^jl5s>- O^U (^jl^jli! OjjJ j3 y J ^ g a j^>ljlj j! 

(Y—^) J jJs>- jj ojIj I 'j*n 4j ^Lflj ^>I^j ^1 ^CO^L« /ill Jl^ 

.[V J f J ^ ] C—I 0 wLi 0^1^ jLtJ 0^>cJlL« ^1 j» jJ ijjl wlla IS\>- ^l4^J ULa 

.[Y J £] <X->^-ilj ^ AjJ^I o^j^qJ-o «il^_o <^lSlkxj£>l ^ <3 o v"xjuluLujl^ — \ \ 









.[&] J>l^_o ^JLSj^ AjuojULo -V”\ J^A^ 


6 j>cJL* il j* 

TNT 

RDX 

HNS 

PYX 

HMX 

TATB 

TEX 

s-CL-20 

(g/cm 3 )Jl 

V?f 

vv- 

VVf 

VV6 

VA* 

VVP 


YM 


twLi ^ jlS^4 j C-><?) (^IaoI>- <& ^lo^>eJlla ^1 ^S\J ^ jl 

^aIsj!} /^o \jLa t0 _ \ ) jS .-Lil)^« 4 I 2 J2j ^JjLp 4 j J ^Jjl l£J^"^ j ^!. 

.[V] c~*-l o-Li o^b L>j 0 ^1 j* 


.[Y*] o^j^iJuo Jil^o dJojii AjouliLo —V - ^ J^A^ 


0 j>AL« il 

TNT 

RDX 

HNS 

PYX 

HMX 

TATB 

CL-20 

(°C)»-_Jji ^JaiLi 

AY 

r*a 

n? 

fp- 

YV6-YAA 

TA* 

YYA 


j 4^J\J^o ^j j* (jbj—lo ^jlb t^jl j lA j.i 

.[ 6 ] JJjjS'^ jly 



.[6] O^>J^aJuO ^l^-o ^^1 ^IAjL - \-\ Jiau> 

























3 La^ j 15' ^ ^ 


4 J 3 I 0 -1 -1 -X -1 -1 

^1 yA 1) ( JjloJ-6 4I>-lljo yj aJj! ^g j3 0 jS>eJlL* ^1 yA (j^ _^-P4 j) aJj! 0 J>zJCjA ^1 yA 

< J^>\ jI>cJ2jI 4j y*^~J k-** yA (JI l& (J I a 5^ C-^l y) I 4j jjIj 0 j2yi£j» 

^1 y> .Jj jb Ij JHaS' C-.-.^ 1j 0 j^yiCji ^1 y» 4j jL>eJljl Jliol L> I jj j wUlS^ 

. Jjjjli^a j>eJ2JL« tw\jjlji L) JJjl y- ^*ka AS”* ^13 J t4-Jjl 0^>eJll« 

ciS"^ jJo L) JJjl y>- J j2 jljjLa J 0 J -6 4j J>cJ 0 J>eJ^A 0^l« ^SvJ Jka tjL>cjajl 

.wU5"Jlp I Ij ^Jjl Jj L> 0 yy&La oil# jl jL>cJljl O y>- <jy 4 j ^J^-P 1 .-UlS^^> J-Jjj 

jjgj jl *tJjl 0 yySUA ^1 yA .5yZ >0 JllS^jlp I l&O I jl tji' *4 

.Jj jb j O jli: tjL>eJijl 4 j>c_Jo J^> J 0 J -6 jJ jj Ojl j>- jl jJU J O jl J>- 4j c.^L^>- 
4 j jjIj 0 j£»xJ 2 JJa ^1 jja ciS”*jJ* J JJ j! y- Is ^jj 4 J -6 1) j^xIa JUl jj^« j1^cJ2j! ciS^j-J J JJj! y- 


0 ^zJ£~a .ilj^ 


^6* *—66* * ms 0 .ijJj>eja l&O I jL>ejajl 


1 j j ^^j 4ijj>- ld5"tcl5^1 ) ^jS^jlpI 4 j 


L$i 




<tw^J lia Jjli 
—4Jjl 


^1 .Jj yA yyA^A LoJJL) j ys?2*zJi J j y/22>zj* C-J Jy^ 4j J wllA^^a tjL6-> V L> ^IaL«^ 
•^J' Vr* o' wUjjLp tJjo^Lfll*^! o2 j^1?4j aS" ^4-JjI 0 j2yi£j» 

^-w*^Lo c(LMNR) Cj\yy>jjjjy+)yj> c(oLL^-jJjjj y^iS OLjLl^l <—J yA c(Pb(N 3 ) 2 ) 
e j^y 0 y L*i .ol^- j j^ j j ^jjL t(KDNBF) 

j Olt(AgN 3 ) wl) j I 0jJlj t Jj t> _5 ^ ojj iw-ipl a 5 ^ (JjI 

.w\jj*i1j^« (H§ (C=NO) 2 ) JJLl-oJ^s 

byZOM) ^0 — t— 1 —X—) —) 

aJj! 0 y>* j£j» ^1 yA ^y>~\J 4 j t JUilj^o l3j^ j3 0j>6Al« ^lj^» 4 j 45^ Aj jjlj 0 y>Kj£j* ^1 jA 
^1 yA j\ y Z+*J JJjji J y*S> C-«***>Lw>- ^jJ^Lo CJj yA^ytJ J>zJiLa J JJjl y- aL-^jAj 

.wD yy^ aJj! 0 j>eJlJ» ^1 J^» jl jSyA aLw^ojAj ^Ij^» .JJjb aJj! o a 


1- High Explosives 






































